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ABSTRACT

In this work, we exploited the capability of the plasma mem-
brane Ca-ATPase to utilize ITP as a substrate to study its char-
acteristics in plasma membrane vesicles purified from radish
(Raphanus sativus L.) seedlings. The majority of the ITPase
activity of plasma membrane was Ca2+-dependent. The Ca2+-
dependent ITPase activity was Mg2 -dependent and was stimu-
lated by the calcium ionophore A23187. It was inhibited by ery-
throsin B (concentration giving 50% inhibition, 50 nanomolar) and
by vanadate (concentration giving 50% inhibition, 3 micromolar)
and displayed a broad pH optimum around pH 7.2 to 7.5. Both the
hydrolytic and the transport activity of the plasma membrane Ca-
ATPase were half-saturated by Ca2+ in the micromolar concentra-
tion range. No major effect of EGTA on the saturation kinetics of
the enzyme was observed. The affinity of the plasma membrane
Ca-ATPase for Ca2+ was about fourfold higher at pH 7.5 than at
pH 6.9. The Ca2+-dependent ITPase activity was stimulated about
twofold by polyoxyethylene 20 cetyl ether, although it was inhib-
ited by Triton X-100 and by lysolecithin.

An increasing amount of evidence indicates that calcium
plays an important role in many cellular processes in plants,
by acting as a second messenger of endogenous or exogenous
stimuli (1 8). Cytoplasmic Ca2" homeostasis is the result of the
activity of passive and active transport systems localized in
the PM2 as well as in different endomembranes (1 1, 25).

In the past few years, the availability oftransport-competent
PM vesicles has made it possible to demonstrate that active
transport of Ca2+ through the PM of plant cells is catalyzed
by a Ca-ATPase (for a review, see refs. 1, 7, 1 1). The transport
activity of this enzyme has been characterized in some detail
in membrane vesicles from different plant materials and in
proteoliposomes reconstituted with proteins solubilized from
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2Abbreviations: PM, plasma membrane; EB, erythrosin B; BTP,
bis-tris propane (1 ,3-bis(tris(hydroxymethyl)methylamino)-propane);
Ka, association constant of the Ca-EGTA complex; K'a, apparent
association constant of the Ca-EGTA complex at specified pH; Brij
58, polyoxyethylene 20 cetyl ether; FCCP, carbonyl cyanide p-trifluo-
romethoxyphenylhydrazone; IC50, effective concentration giving 50%
inhibition.

the PM (1, 7, 11 and references therein). It is a Mg2-
dependent, vanadate-inhibited ATPase, characterized by low
apparent Km for ATP, low specificity for nucleoside triphos-
phate (ITP and GTP sustain Ca2" uptake at about 50-70%
the rate sustained by ATP), and broad, slightly alkaline pH
optimum. Most of the reported values of apparent Km for
Ca2" of the PM Ca-ATPase are in the micromolar range (13,
14, 27) with the noticeable exception of the enzyme of radish
seedlings, for which we determined an apparent Km value as
low as 70 nm (21). The most peculiar characteristic ofthe PM
Ca-ATPase perhaps is its high sensitivity to inhibition by EB.
In native membranes, its activity is fully inhibited by 0.5 to 1
AuM EB, a concentration that only slightly inhibits the activity
of other membrane-bound ATPases of plants, including the
PM H+-ATPase (4, 20).
Demonstrating the hydrolytic activity of the PM Ca-ATP-

ase in native PM vesicles has proven difficult, due to the
simultaneous operation of the much more active PM H+-
ATPase, which is inhibited by Ca2", already in the micromolar
range (5). Taking advantage of the different pH optima of the
PM H+-ATPase (approximately 6.5) and of the PM Ca-
ATPase (7.0-7.5), we have shown that a Ca2e-dependent
ATPase activity inhibited by submicromolar EB is localized
at the PM ofradish seeds (21). The biochemical characteristics
of this activity so far investigated, as well as its functional mol
wt determined by radiation-inactivation, are very similar to
those determined for ATP-dependent Ca2` uptake into PM
vesicles, indicating that it represents the hydrolytic activity of
the PM Ca-ATPase (21-23). However, the simultaneous op-
eration of the Ca2t-inhibited PM H+-ATPase is an important
source of error in these measurements because any treatment
can be expected to influence both activities in the same or in
the opposite sense. Because the PM H+-ATPase is highly
specific for ATP as a substrate (5), it should be possible to use
ITP or GTP as a substrate to measure the hydrolytic activity
of the PM Ca-ATPase in native PM vesicles, minimizing
complications arising from the simultaneous operation of the
H+-ATPase. Analysis of GTP-dependent Ca2" uptake into
PM vesicles from red beet has shown that GTP is a useful
means to probe the transport function of the PM Ca-ATPase
(27), but no data are available on its suitability to measure
the hydrolytic activity of this enzyme. Because the presence
of regulatory GTP-binding proteins in membranes from plant
cells has been demonstrated (10), we have chosen to use ITP
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as an alternative substrate to monitor the hydrolytic and
transport activities of the PM Ca-ATPase.

In this paper, we describe the ITPase activity ofPM purified
from radish seedlings by the aqueous two-phase partitioning
technique (8), and we show that Ca2"-dependent ITPase ac-
tivity is a reliable measure of the hydrolytic activity of the
PM Ca-ATPase. Moreover, we reconsider the dependence on
Ca2" concentration of the PM Ca-ATPase of radish and we
show that the very low apparent Km value we had previously
reported (21) was due to the use of a too-high value of the
association constant of the Ca-EGTA complex to calculate
free Ca2" concentrations. When correct determinations of free
Ca2+ concentrations are made, the apparent Km for Ca2` of
the PM Ca-ATPase of radish is in the micromolar range both
in the absence and in the presence ofEGTA and is influenced
by pH in the physiological range of cytoplasmic pH values.

MATERIALS AND METHODS

Preparation of PM Vesicles

Radish seeds (Raphanus sativus L. cv Tondo Rosso Quar-
antino, Ingegnoli, Milano, Italy) were germinated for 24 h
and stored at -80°C as previously described (8). Methods for
microsome isolation and PM purification by phase partition-
ing in a 6.5% (w/w) Dextran T500 (Pharmacia, Uppsala,
Sweden)-polyethylene glycol 3350 (Sigma) phase system con-
taining 5 mm KCl and 5 mm potassium phosphate buffer (pH
7.8) have been described (8). Aliquots ofPM suspension (1-
2 mg protein mL-' in 0.25 M sucrose, 0.2% BSA [w/v], 0.5
mM PMSF, 0.5 mm DTT, 1 mM BTP-Mes, pH 6.0) were
immediately frozen and kept at -80°C until use. Membrane
proteins were assayed as described (8).

Determination of the Apparent Association
Constant of the Ca-EGTA Complex

Free Ca2" concentrations in Ca2+-EGTA buffers containing
various concentrations ofEGTA and CaCl2 (0.4-2.0 mM), 40
mM BTP-Hepes (pH 6.9 or 7.5), 100 mM KBr, 50 mM KNO3,
0.1 mM ammonium molybdate, were measured with a Radi-
ometer F21 12Ca Selectrode calibrated against CaCl2 (Radi-
ometer S3606) diluted in the same salt medium. The apparent
association constants (K'a) of the Ca-EGTA complex at
the relevant pH values were computed on the basis of the
equation:

K'a [Ca-EGTA]
[Ca][EGTA]

where Ca is measured free Ca2 , Ca-EGTA concentration is
determined as the difference between total and free Ca2"
concentration, and EGTA is free EGTA, determined as the
difference between total EGTA and Ca-EGTA concentration.
The values of K'a so determined were 5 x I05 ± 1.5 x 104

M-' at pH 6.9 and 7.8 x 106± 2X 106'M- at pH 7.5. At pH
7.5, the K'a values obtained from measured free Ca2+ are
variable, due to the relatively low sensitivity of the electrode
and to the high affinity of EGTA for Ca2`: free Ca2+ concen-
trations could be reliably determined only in buffers contain-

ing about equimolar concentrations of CaCl2 and EGTA, i.e.
in the equivalence zone, in which very small errors in CaCl2
or EGTA concentration have dramatic effects on free Ca2+
concentration. If the measured K'a at pH 6.9 is used, together
with the protonization values a, 2.4 x l09 M-l and a2 5.9 x
108 M-' given by ref. 24 to determine the Ka value according
to ref. 17, a value of 1.1 x 100 M-' is obtained. With a Ka of
1.1 X 1010 M-1, the K'a at pH 7.5 would be 7.6 x 106 M-', a
value well in the range ofthe experimentally determined ones.

Measurement of Ca2+-Dependent ITPase Activity

Unless otherwise specified, PM (100-150 ,g membrane
protein mL-') were incubated for 60 to 90 min in 40 mM
BTP-Hepes (pH 6.9 or 7.5), 100 mM KBr, 50 mM KNO3, 3
mM MgSO4, 0.1 mm ammonium molybdate, 1 Ag mL-'
olygomycin, 1 mM ITP, 75 Ag mL-' Brij 58. Calcium was
supplied as CaCl2 in the absence or in the presence of 1 mM
(pH 6.9) or 2 mm (pH 7.5) EGTA. Free Ca2" concentrations
in the EGTA-buffered media were calculated using a K'a
value of 5 x 105 M-' at pH 6.9 and 7.6 x 106 M-' at pH 7.5.
In all cases, Ca2+-dependent ITPase activity was evaluated as
the difference between the activity measured in the presence
of Ca2" and that measured in the presence ofEGTA alone.

Brij 58 was added from a 20 mg mL-' stock solution made
in 1 mm BTP-Hepes, pH 7, 1 mM DTT, and 50% (v/v)
ethanol. Liberated Pi was determined colorimetrically as
described (9).

Measurement of Ca2+ Uptake

Ca2+ uptake was assayed by the membrane filtration tech-
nique essentially as previously described (20, 21). Unless
otherwise specified, PM vesicles (about 30 ,Ag membrane
protein) were preincubated for 30 min at 25°C in 0.3 mL of
40 mm BTP-Hepes, pH 6.9, 100 mm KBr, 50 mM KNO3, 3
mM MgSO4, 0.1 mm ammonium molybdate, 5 mM
(NH4)2SO4, 5 AM FCCP, 1 ,ug mL-' oligomycin, 1 mM EGTA,
and CaCl2 labeled with 0.15 kBq/nmol of 45Ca2+ (1.2 GBq/
mg, New England Nuclear) to give the specified free Ca2+
concentrations. Other additions are specified in the legends.
ATP- or ITP-dependent Ca2' uptake was initiated by addition
of the nucleoside triphosphates (1 mm final concentration)
and the membranes were further incubated for 1 min (in the
presence of ATP) or 2.5 min (in the presence of ITP). The
reaction was terminated by dilution of the sample with 4 mL
of 4 mm BTP-Hepes (pH 6.9), 5 mM MgSO4, 2 mm EGTA,
100 mm KBr, and 50 mM KNO3. The filter was washed three
times with the above medium, allowed to dry, and dissolved
in 5 mL of Filter-Count (Packard). Radioactivity was meas-
ured in a Prias Liquid Scintillation counter. Radioactivity
associated with the filters of samples incubated in the absence
of nucleoside triphosphates was subtracted from all the values
to evaluate ATP- or ITP-dependent Ca2+ uptake.

RESULTS

Suitability of ITP as a Substrate

Plasma membrane vesicles purified from radish seedlings
by the aqueous two-phase partitioning technique (8) are able
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to take up Ca2" upon addition of ATP or ITP (Fig. 1),
indicating that at least part of the vesicles are in the inside-
out configuration. In agreement with previous observations
on PM from radish and from other plant materials (1, 7, 1 1),
the initial rate of Ca2" uptake sustained by ITP is about 50%
of that sustained by ATP. The rate of Ca2" uptake declines
with time; this decline is earlier for ATP-dependent than for
ITP-dependent Ca2" uptake, thus confirming that intravesic-
ular Ca2" accumulation controls the activity of the PM Ca-
ATPase (2 1).
The capability of the PM Ca-ATPase to utilize ITP allows

one to measure its activity independently of the activity of
the PM H+-ATPase. This is especially relevant when the
hydrolytic activity of the PM Ca-ATPase is to be measured,
the activity ofthe H+-ATPase, which is much more abundant,
is inhibited by Ca2` (5).

Table I shows that the great majority of the ITPase activity
of the PM is Ca2+-dependent. The Ca2+-dependent ITPase
activity is strictly Mg2+-dependent and stimulated by the
calcium ionophore A23 187, as expected for the activity of an
enzyme involved in Ca2" transport and controlled by the
intravesicular Ca2" concentration (see Fig. 1 and ref. 21). In
the presence but not in the absence of A23187, the Ca2+-
dependent ITPase activity is linear with time for at least 90
min (data not shown).

Figure 2A shows the effect of different detergents on the
Ca2'-dependent ITPase activity. Triton X-100 is strongly
inhibitory already at 50 MAg mL-' and its inhibiting effect
increases with the increase of its concentration, so that the
activity is virtually abolished by 200 Mg mL-' ofthe detergent.
A more complex pattern is observed in the presence of lyso-
lecithin. Here, the marked inhibition induced by as little as
20 Mg mL-' lysolecithin is followed by a partial recovery in
the presence of 50 Mg mL-' of the detergent, probably due to
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Figure 1. Time course of ATP-(A) and ITP-O) dependent Ca2+
uptake into PM vesicles purified from radish seedlings. Ca2+ uptake
was measured as described in "Materials and Methods": free Ca2+
was buffered at 10 AM with 1 mm EGTA. Results are from three
experiments, each with three replicates; bars are the standard error
of the mean.

Table I. Effect of Ca2" and of the Calcium lonophore A23187 on
ITPase Activity

Assays were performed at pH 6.9 as described in "Materials and
Methods," but in the absence of Bnj 58 and in the presence of 5 Mm
FCCP and 5 mm (NH4)2SO4. Free Ca2+ was buffered at 100 Mm with
1 mM EGTA; A23187 was supplied at 5 Mm. Results are the mean of
three experiments, each with three replicates, plus or minus the
standard error of the mean.

ITPase Activity
Treatment

-Ca2+ +Ca2+ Ca2+-dependent
pmol mg'1 prot h-'

Control 0.23 ± 0.01 0.76 ± 0.02 0.53
+ A23187 0.22 ± 0.01 1.03 ± 0.03 0.81
- Mg2+ 0.07 ± 0.01 0.08 ± 0.01 0.01

unmasking of catalytic sites unaccessible to the substrate in
right-side-out PM vesicles. The Ca2"-dependent ITPase activ-
ity slowly declines with further increases of lysolecithin con-
centration. Among the detergents tested, only Brij 58 stimu-
lates the Ca2"-dependent ITPase activity: under our assay
conditions, Brij 58 in the 20 to 200 ug mL- concentration
range roughly doubles the Ca2+-dependent ITPase activity. If
the effect of Brij 58 is, as suggested, only the unmasking of
Ca-ATPase catalytic sites, about 50% of vesicles are right-
side-out. Figure 2B shows that the activating effect of 75 ug
mL-' of Brij 58 is independent of membrane concentration
in the assay, so that the Ca2"-dependent ITPase activity is
proportional to membrane concentration in the assay up to
160 MAg mL-' also in the presence of the detergent.
Figure 3 shows that the Ca2"-dependent ITPase activity is

fully inhibited by EB (IC50 50 nM) and by vanadate (IC5o 3
;Mm). The IC50 ofvanadate for inhibition ofthe Ca2+-dependent
ITPase activity is about one order of magnitude lower than
that reported for the transport activity of the PM Ca-ATPase
(13, 20, 27). This discrepancy most likely arises from the
different experimental conditions used for measuring the
hydrolytic or the transport activity. In fact, Ca+ uptake was
measured over 5 min of incubation (13, 20, 27), whereas the
Ca2+-dependent ITPase in Figure 3 was measured over 1 h of
incubation, and it is known that the inhibiting effect of
vanadate is strongly time-dependent (9). Moreover, in the
experiment of Figure 3, vanadate access to the enzyme might
have been facilitated by the presence ofthe detergent Brij 58.
The Ca2+-dependent ITPase activity has a broad pH opti-

mum around pH 7.2 to 7.5 (Fig. 4).

Dependence on Ca2+ Concentration

To ascertain whether the very low value of apparent Km we
had previously determined for the PM Ca-ATPase of radish
seedlings was a characteristic of radish, or rather had to be
ascribed to the use of EGTA-buffered media, in a first set of
experiments the dependence of the PM Ca-ATPase activity
on the concentration of Ca2" was assayed at the same pH
(7.5) of the previous experiments (21), but in the absence of
EGTA. The results reported in Figure 5A (squares) show that
at pH 7.5, the Ca2-dependent ITPase increases with the
increase of CaCl2 concentration in the medium, being satu-
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Figure 2. Effect of detergents on the Ca2+-dependent ITPase activity.
Assays were performed at pH 6.9 as described in "Materials and
Methods," but in the presence of 5 AM A23187, in the presence of
the specified concentrations of Triton X-100 (A), lysolecithin (01), or
Brij 58 (0), with 100 Mg membrane protein mL-1 (A). Free Ca2+ was
buffered at 100 Mm with 1 mm EGTA. In the experiments on Brij 58,
all the samples contained 10 AM DTT and 0.5% (v/v) ethanol. Results
are from three experiments, each with three replicates; bars are the
standard error of the mean. In B, the effect of 75 Mg mL-1 of Brij 58
was analyzed in the presence of the indicated membrane concentra-
tions (0, control; 0, plus Brij 58).

rated in the presence of 50 to 100 Mm CaCl2. The activity is
half-maximal at about 2 gM CaC12. This value is about 30
times higher than that previously measured in an EGTA-
buffered medium (70 nm in ref. 21). This discrepancy could
be explained if the actual free Ca42+ concentrations in the
EGTA-buffered media were much higher than those com-
puted according to ref. 17 using a value ofKa ofthe Ca-EGTA
complex of 10"1 M-l (24). The Ka values of the Ca-EGTA
complex reported in the literature are quite variable and are
affected by the ionic composition ofthe medium (15, 24, 28).
As detailed in "Materials and Methods," we have experi-

mentally determined the value of the Ka of the Ca-EGTA

complex in our assay conditions, which is about 10-fold lower
than reported by ref. 24 and used in our previous work (21),
but similar to that reported by other authors (28). If the
experimentally determined value of Ka is used to calculate
free Ca2+ concentrations according to ref. 17 in media buff-
ered with 2 mm EGTA at pH 7.5, the Ca2+-dependent ITPase
activity is half-saturated by about 3 gM free Ca2+ (data not
shown), which is very similar to the concentration of CaCl2
that semisaturates the activity in the absence of EGTA (Fig.
5A, squares). However, determination of the dependence of
the activity on free Ca2+ concentration in EGTA-buffered
media at pH 7.5 is subject to an important error because, in
the presence of 2 mm EGTA, the relevant free Ca2" concen-
trations (3-30 Mm) are obtained by changing CaCl2 concentra-
tions as little as from 1.92 to 2.02 mm.

In the micromolar free Ca2" concentration range, the Ca2+-
EGTA buffer system can be used much more reliably at pH
6.9, where the K'a is about one-tenth that at pH 7.5 and CaCl2
has to be varied from 0.6 to 0.97 mm to vary free Ca24
between 3 and 30 gM in the presence of 1 mM EGTA. To
further check whether the apparent affinity of the PM Ca-
ATPase for Ca24 was affected by EGTA, we have compared
the dependence of Ca2+-dependent ITPase activity on free
Ca24 concentration in EGTA-buffered medium (Fig. 5B) and
on CaCl2 concentration in the absence of EGTA (Fig. SA,
circles) at pH 6.9, which is still in the pH range of optimal
activity of the PM Ca-ATPase (Fig. 4). Figure SB shows also
the dependence on free Ca24 concentration in the EGTA-
buffered medium of ITP-dependent Ca24 uptake. The results
show that EGTA has no major effect on the apparent affinity
of the PM Ca-ATPase for Ca24.: about 8 Mm CaC12 is required
to semisaturate the Ca2+-dependent ITPase activity in the
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Figure 3. Effect of vanadate and of EB on the activity of the Ca2+-
dependent ITPase. Assays were performed at pH 6.9 as described
in "Materials and Methods" in the presence of the indicated concen-
trations of vanadate and EB. Free Ca22+ was buffered at 100 gM with
1 mM EGTA.
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absence of EGTA, and respectively 12 and 8 jsM free Ca2` to
half-saturate Ca2+-dependent ITPase activity or ITP-depend-
ent Ca2` uptake in the EGTA-buffered media. Similar results
were obtained when Ca2e uptake was energized with ATP
(data not shown).
Data in Figure 5A show that the dependence of the PM

Ca-ATPase activity on Ca2` concentration is markedly influ-
enced by the pH of the assay medium, the concentration of
Ca2` required to half-saturate the enzyme being much lower
at pH 7.5 than at pH 6.9.

DISCUSSION AND CONCLUSIONS

The results reported in this paper confirm and extend the
previously reported observation that the low specificity for
nucleoside thiphosphates of the PM Ca-ATPase can be fruit-
fully exploited in the study of its biochemical and regulatory
properties (27). In particular, we show that the Ca2+-depend-
ent ITPase activity of the PM is a reliable measurement of
the hydrolytic activity of the PM Ca-ATPase. In fact, the bulk
of the ITPase activity of the PM is Ca2e-dependent and
presents characteristics of Mg2e and pH dependence, stimu-
lation by the Ca2` ionophore A23 187, sensitivity to inhibition
by vanadate and by EB, which clearly show that it represents
the hydrolytic activity of the PM Ca-ATPase responsible for
Ca2' extrusion through the PM of plant cells.
The study of the activity of the PM Ca-ATPase using ITP

(this paper) or GTP (27) as a substrate has been and will be
very useful because it allows a study of its activity in native
membranes under conditions in which the PM H+-ATPase is
not active, and the Ca-ATPase is the only operating ATPase.

In this paper, we have exploited this possibility to get some
insight into the relation between the enzyme and other com-
ponents ofthe membrane by analyzing the effect ofdetergents
on the Ca2+-dependent ITPase activity. In PM vesicles isolated
by the aqueous two-phase partitioning technique, low concen-
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presence (B) of 1 mm EGTA. Results are from three experiments,
each with three replicates; bars are the standard error of the mean.

trations of detergents are expected to increase the activity of
enzymes hydrolyzing nonpermeant substrates such as nucle-
oside triphosphates by making accessible to the substrate
catalytic sites exposed to the intravesicular volume in sealed
right-side-out PM vesicles (16). The unmasking effect of ly-
solecithin and Triton X-100 on the PM Ca-ATPase activity
is largely, if not completely, overcome by the drastic inacti-
vation of the enzyme. Among the detergents tested, only Brij
58 stimulates the Ca2"-dependent ITPase activity in PM ves-
icles from radish. This behaviour of Brij 58 can probably be
ascribed to its inability to remove essential lipids bound to
the hydrophobic region of the Ca-ATPase (6, 16). This prop-
erty, together with the fact that its effect on the PM Ca-
ATPase is independent of its concentration as well as of the
protein-to-detergent ratio in a fairly wide range, make Brij 58
a potential useful tool for the solubilization of the enzyme
from PM in its active state (14, 16).
A second interesting point developed in this paper is the
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analysis of the dependence of the PM Ca-ATPase activity on
the concentration of Ca2". The reported results show that, in
agreement with that reported for the enzyme of other plant
materials (13, 14, 27), the PM Ca-ATPase of radish presents
saturation kinetics for Ca2' and is half-saturated by Ca2'
concentrations in the micromolar range. The dependence of
the enzyme activity on Ca2" concentration is nearly the same
when measured in the absence or in the presence of EGTA,
provided that free Ca2` concentrations in EGTA-buffered
media are correctly evaluated. The apparent affinity for Ca2`
of the plant PM Ca-ATPase is markedly affected by pH in
the physiological range of cytoplasmic pH values: the concen-

tration of Ca2` required to semisaturate the PM Ca-ATPase
increases from 2 to 3 to 8 to 12 gM when the pH is lowered
from 7.5 to 6.9. This is a further similarity ofthe plant enzyme
with the erythrocyte Ca-ATPase (3, 7, 11), the affinity of
which for Ca2+ is also pH-dependent in the same sense (26).
From a physiological point of view, the fact that saturation

of the PM Ca-ATPase is reached well above the physiological
cytoplasmic free Ca2" concentration implies that the PM Ca-
ATPase activity can increase dramatically in response to a

stimulus-induced increase of cytoplasmic Ca2+, and thus can

play an important role in the reestablishment of the resting
level of cytoplasmic Ca2". The pH sensitivity of the PM Ca-
ATPase affinity for Ca2", and thus of its activity at physiolog-
ical Ca2+ concentrations, might constitute a linkage between
Ca2" and pH homeostasis in the plant cell (2, 12). These
points will be discussed further in the accompanying paper
with respect to the role ofcalmodulin in regulating the activity
of the PM Ca-ATPase (19).
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